The frequency distribution of plasmids in a representative collection of Escherichia coli and other enterobacteria was compared with the frequencies predicted by the Poisson distribution. The distribution of E. coli plasmids did not differ significantly (p > 0.2) whereas the difference between observed and predicted distributions of plasmids in combined populations of other enterobacteria was significant (p < 0.001). Previous studies had suggested that plasmid-free strains contributed disproportionately to the overall frequency distribution. Therefore, plasmid-free strains were excluded and the frequency distribution of plasmids in plasmid-containing strains compared with frequencies predicted by a modified Poisson distribution conditional upon n # 0. The results obtained showed that the frequency distribution of plasmids in E. coli and in other enterobacteria did not differ significantly from the predicted distribution (p > 0.2 and p > 0.6 respectively). The frequency distribution of plasmids in previously published studies was compared with predicted frequencies by means of (a) the Poisson distribution and (b) the modified Poisson distribution conditional upon n # 0. The results indicate that the modified Poisson distribution described provides an adequate description of plasmid frequency distributions and represents the observed frequencies better than the distributions predicted directly from the Poisson formula.
Introduction
The overall distribution of plasmids in natural populations of the enterobacteria reflects the interaction of many factors. These include plasmid mobility, host range, selection pressure, recipient ability and the prevailing physiological conditions (Anderson, 1975 ; Richmond and Petrocheilou, 1978; Sanderson et al., 1981 ; Reanney et al., 1983) . Some of these have been investigated individually in vivo and in vitro, and models have been devised that have considered the relationships between different factors (Cullum et al., 1978; Levin et al., 1979; Freter et al., 1983 ). An alternative and complementary approach would consider the end product of these diverse interactions, namely the frequency distributions of plasmids in different bacterial populations.
In a previous report (Platt et al., 1986b) we described the frequency distribution of plasmids among a representative collection of enterobacteria and compared Escherichia coli with the other Received 1 July 1986; accepted 4 Aug. 1986. enterobacteria. Significantly more plasmids were found in E. coli. However, when the distribution of plasmids was considered as a function of strains that harboured plasmids (i.e., plasmid-free organisms were excluded from both groups) there was no significant difference between the distributions. We suggested that other enterobacteria contain a higher proportion of strains less able to accumulate plasmids than E. coli. The general appearance of these and other distributions (Platt et al., 1984) suggested that they might follow a Poisson distribution. However, the hypothesis relating to differences in recipient ability implies that a given collection of bacterial strains is not homogeneous and, as a result, is not amenable to direct comparison with Poisson predictions. This report compares the frequency distribution of plasmids in several collections of E. coli and other enterobacteria (Platt et al., 1984,1986~ and b) with values predicted from a Poisson distribution. A modification of the Poisson formula necessary to allow the calculation of predicted frequencies after the exclusion of plasmid-free strains is described.
Materials and methods
The organisms, plasmids and the frequency distribution of plasmids have been described previously and are summarised in table I.
Statistical analysis
A random variable X (the number of plasmids per bacterial strain) is said to have a Poisson distribution if the probability that a given strain will harbour "n" plasmids is given by e-'IIn P(X = n) = -(n = 0, 1,2,. . . , n; A>O) n !
( 1) where the parameter A is the mean value of X.
upon n # 0 to give
The Poisson distribution can be modified, conditional P(X=ngivenX#O)= (n= 1 , 2 , , . . , n;II>O) (2)
The mean value of X, given X # 0 can be shown to be Since equation (3) In all cases the last category was interpreted as ; Z X and predicted values adjusted accordingly so that C observed = Expected. predicted value was < 2 since A was estimated)
Results and discussion
The comparison of plasmid frequency distri butions from different collections and sub-populations of enterobacteria with frequencies predicted from a Poisson distribution is shown in table 11. Most (8 out of 11) showed significant differences. However, no significant difference was found for unselected E. coli strains from the gut, Salmonella typhimurium, and the drug-sensitive sub-population of E. coli Characteristics isolated from patients with vascular disease. These results indicate that plasmid frequency distributions are not well represented by the Poisson distribution. When similar comparisons were made after the exclusion of plasmid-free strains (table  111) only two of the 13 observed frequency distributions differed from the distribution of frequencies predicted by the modified Poisson formula which, therefore, adequately represents the distribution of plasmids in strains that contain them. Considering individual results in relation to this, the observation that E. coli and S . typhimurium (A, C or El ; table I) did not differ significantly from the predicted values obtained from the unmodified Poisson distribution suggests that these collections contained few poor recipients. The observed plasmid frequencies among most of the collections and sub-populations did not differ significantly from the values predicted by the modified Poisson distribution. However, one collection and sub-population of E. coli from patients with vascular disease did differ (D1 and F l ; table I). The five sub-populations of this collection that did not 'differ from the results predicted by the modified Poisson distribution, either specifically (D2, El, E2 and F2) or implicitly (G) excluded resistant strains that did not harbour large (mol. wt > 20 x 1 06) plasmids. Therefore, it seems likely that small plasmids may be responsible for the observed deviations. Moreover, studies with restriction fingerprints to characterise the strains further (J. S. Chesham, unpublished data) have shown that the original collection inadvertantly included a small number of duplicate isolates, which may explain the observed distortion of the distributions. Two further observations are noteworthy. First, the two sub-populations (G and I) that implicitly included no plasmid-free isolates (on the basis that all transferred drug resistance by conjugation) did not differ from the predictions of the modified Poisson. Second, the finding that the distribution of plasmids in a collection selected on the basis of trimethoprim resistance were well represented by the modified Poisson predictions was unexpected. However, this collection contained a large proportion of multi-resistant strains (Kraft et al., 1983) and may not be typical of drug-resistant subpopulations in general.
Thus, although many different factors influence the acquisition and accumulation of plasmids among enterobacterial populations, it appears that, with the exception of recipient ability, the overall process is a random one. The analysis of plasmid distributions as described may have several clinical applications. First, in any local situation where plasmids are routinely monitored, the occurrence of cross-infection episodes will often cause detectable distortion of the distribution. This will depend on the individual distribution and the number of plasmids harboured by the cross-infecting organism. Second, where strains that harbour one or more plasmids that confer the ability to colonise or invade a specific anatomical site, the distribution of plasmids among a collection of strains isolated from that site may be expected to differ from the frequencies predicted by the modified Poisson distributions.
On the basis of these findings the following model is proposed for the distribution of plasmids among the enterobacteria. A representative collection of enterobacterial strains comprises two overlapping sub-populations (fig. 2 ). The first sub-population is plasmid-free and the second possesses plasmids distributed according to the Poisson distribution. The region of overlap represents that proportion of strains that do not harbour plasmids but are capable of doing so whereas the component of the first subpopulation that lies outwith the overlapping region represents strains less able to acquire or maintain them.
In a previous study (Platt and Sommerville, 198 1) we found that of 46 strains of Enterobacter spp. tested for recipient ability, only a minority were efficient and most of these already harboured plasmids whereas poor recipients were generally 
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